The title compound, C 25 H 25 N 9 O 9 ÁC 16 H 36 N + ÁH 2 PO 4 À (I) or (C 25 H 25 N 9 O 9 )Á(nBu 4 N + )Á(H 2 PO 4 À ) (systematic name: 3-(4-nitrophenyl)-1,1-bis{2-[3-(4-nitrophenyl)ureido]ethyl}urea tetrabutylammonium dihydrogen phosphate), comprises a tris-urea receptor (R), a dihydrogen phosphate anion and a tetran-butylammonium cation. It crystallizes with two independent formula units in the asymmetric unit. The conformations of the two tris-urea receptors are stabilized by N-HÁ Á ÁO and C-HÁ Á ÁO intramolecular hydrogen bonds. Each dihydrogen phosphate anion has two O-HÁ Á ÁO intermolecular hydrogenbonding interactions with the other dihydrogen phosphate anion. Inversionrelated di-anion units are linked by further O-HÁ Á ÁO hydrogen bonds, forming a chain propagating along the a-axis direction. Each dihydrogen phosphate anion makes a total of four N-HÁ Á ÁO(H 2 PO 4 À ) hydrogen bonds with two ureido subunits from two different tris-urea receptors, hence each tris-urea receptor provides the two ureido subunits for the encapsulation of the H 2 PO 4 À hydrogen-bonded chain. There are numerous intermolecular C-HÁ Á ÁO hydrogen bonds present involving both receptor molecules and the tetra-nbutylammonium cations, so forming a supramolecular three-dimensional structure. One of the butyl groups and one of the nitro groups are disordered over two positions of equal occupancy.
Chemical context
Anions play an important role in many chemical, catalysis, environmental and biological systems (Sessler et al., 2006; Vickers & Beer, 2007; Beer & Gale, 2001) . The use of ureabased receptors as hydrogen-bond donors in anion recognition has attracted much attention (Xu et al., 2017; Amendola et al., 2006; Hoque & Das, 2017; Bregović et al., 2015; Li et al., 2010) . In particular, considerable research efforts have been devoted to the designation of receptors containing a ureido subunit (which selectively recognizes fluoride ions), such as 1,3-bis(4-nitrophenyl) urea (Boiocchi et al., 2004) , or a urea subunit equipped with two naphthalenimide moieties (Esteban-Gó mez et al., 2005) , and thiourea or urea-based indole conjugated ligands (Bose & Ghosh, 2010) . Recently, tris(2-aminoethyl)amine (tren)-based tripodal urea or thiourea receptors for the recognition and separation of anions have been investigated (Arunachalam & Ghosh, 2011; Custelcean, 2013; Dey et al., 2016; Hay et al., 2005) . However, tris-urea ISSN 2056-9890 receptors have been rarely studied to date. In our ongoing research on nitrogen-rich organic ligands (Wang et al., 2015) and the design and synthesis of ureido receptors (Huang et al., 2017) , we report herein the synthesis of the title trisurea receptor, 3-(4-nitrophenyl)-1,1-bis{2-[3-(4-nitrophenyl)-ureido]ethyl}urea (R), based on p-nitrophenyl substituents, and the crystal structure of its complex with tetra-n-butylammonium dihydrogen phosphate. Interestingly, a onedimensional hydrogen-bonded polymeric structure is formed via hydrogen bonds between dihydrogen phosphate anions, and this anionic polymer is surrounded by and linked to the tris-urea receptors through ureido N-HÁ Á ÁO hydrogen bonds.
Structural commentary
The title compound crystallizes with two independent formula units in the asymmetric unit. The molecular structure of the two tris-urea receptors (R1 and R2) and the dihydrogen phosphate anions (P1 and P2) are illustrated in Fig. 1 . In each receptor an intramolecular N-HÁ Á ÁO hydrogen bond is present (N8-H8NÁ Á ÁO7 in R1 and N17-H17NÁ Á ÁO16 in R2), each forming an S(9) ring motif,. Four intramolecular C-HÁ Á ÁO hydrogen bonds are also present in receptor R1 and three in R2 ( Fig. 1 and Table 1 ). Both receptors display a cis orientation of the urea subunits (N2/N3 and N5/N6 in R1, and N11/N12 and N14/N15 in R2). The urea subunits N5/N6 in R1 and N11/N12 in R2 are orientated towards the dihydrogen phosphate ions (P1 and P2) forming a 2:2 adduct via N-HÁ Á ÁO hydrogen bonds with anion P1 and enclosing R 2 2 (8) ring motifs (Table 1 and Fig. 1 ). Both NH functions of each urea subunit are trans to the C O group across the respective C-N bond. Anions P1 and P2 interact with each other via two O-HÁ Á ÁO hydrogen bonds (O20-H20OÁ Á ÁO24 and O23-H23OÁ Á ÁO22), enclosing an R 2 2 (8) ring motif ( Fig. 1 and Table 1 ). The dihedral angle between the urea plane [N-C( O)-N] and the benzene ring to which it is attached vary from 6.66 (14) to 18.96 (14) in R1 and from 6.87 (14) to 13.82 (14) in R2. The dihedral angle between the nitro group and the benzene ring to which it is attached also vary, from 7.1 (3) to 13.4 (4) in R1 and from 8.3 (4) to 16.7 (7) in R2.
Supramolecular features
H25OÁ Á ÁO26 ii (Table 1) . This results in the formation of a polymer chain propagating along the a-axis direction (Fig. 2) . The receptor molecules are linked to this chain via hydrogen bonds N5-H5NÁ Á ÁO21, N6-H6NÁ Á ÁO22, N11-H11NÁ Á ÁO19, and N12-H12NÁ Á ÁO22 (Fig. 1) , and by hydrogen bonds N2-H2NÁ Á ÁO26 i , N3-H3NÁ Á ÁO24 i , N14-H14NÁ Á ÁO25
ii and N15-H15NÁ Á ÁO24 ii (Table 1) . Finally, there are numerous intermolecular C-HÁ Á ÁO hydrogen bonds present involving both receptor molecules and the tetra-n-butylammonium cations, so forming a supramolecular three-dimensional structure ( Fig. 3 and Table 1 ).
Database survey
The crystal structure of the receptor R, with or without parasubstitution of a nitro group, has not previously been reported. A search of the Cambridge Structural Database (Version 5.40, November 2018; Groom et al., 2016) for tetra-n-butylammonium dihydrogen phosphate yielded four hits, essentially concerning the tris-urea receptor based on tris(2-aminoethyl)amine (tren). One of these compounds, tetra-nbutylammonium tris(2-(N-perfluorophenylureaylato)ethyl)-amine dihydrogen phosphate dimethylformamide monosolvate, encapsulates a dimer of H 2 PO 4 À anions forming a pseudo-dimeric cage via sixteen hydrogen bonds and two weak anionÁ Á Á interactions (CSD refcode CITYOU; Lakshminarayanan et al., 2007) . Another example is, N,N 0 ,N 00 -[nitrilotris(ethane-2,1-diyl)]tris(N 0 -phenylurea) tetra-n-butylammonium dihydrogen phosphate (YICHUQ; Manna & Das, 2018) . Here too, a dimer of H 2 PO 4 À anions is encapsulated by the receptor.
Chiral anion receptors with two enantiomeric forms R,R and S,S based on a 1,2-cyclohexane moiety appended by two p-nitrophenylurea subunits have been reported. One such compound is bis(tetra-n-butylammonium) bis(dihydrogen phosphate) (R,R)-1-(4-nitrophenyl)-3-{2-[3-(4-nitrophenyl)ureido]cyclohexyl}urea acetonitrile monosolvate (DASNUH; Amendola et al., 2005) . The nature of the R,RenantiomerÁ Á ÁH 2 PO 4 À interactions is characterized by infinite dihydrogen phosphate chains along the a-axis direction, as observed in the crystal structure of the title complex. Crystal packing of the title complex, viewed along the a axis. The tetra-nbutylammonium cations are shown in blue (involving atom N19) and green (involving atom N20). The H atoms not involved in the O-HÁ Á ÁO hydrogen bonds have been omitted. Table 1 Hydrogen-bond geometry (Å ,  ) . 
Synthesis and crystallization
Synthesis of 3-(4-nitrophenyl)-1,1-bis{2-[3-(4-nitrophenyl)-ureido]ethyl}urea (R): In a 250 ml round-bottom flask, diethylenetriamine (0.32 ml, 2.97 mmol) dissolved in 100 ml of dry CH 2 Cl 2 was added dropwise under vigorous stirring to a solution of 20 ml of dry CH 2 Cl 2 containing p-nitrobenzene isocyanate (1.64 g, 9.98 mmol). Subsequently, the reaction mixture was allowed to reflux for 24 h. A yellowish solid was collected by filtration and washed using sequentially CH 2 Cl 2 (3 Â 70 ml), a solvent mixture (CH 2 Cl 2 /THF = 4:1, 3 Â 70 ml) and diethyl ether (3 Â 70 ml). The solid was then dried in vacuo overnight to afford the receptor R as a light-brown powder (yield: 1.52 g; 85.6%; m.p. 512.3-513.8 K). FT-IR (KBr, cm 13 C NMR (100 MHz, DMSO-d 6 ) in ppm: = 154. 99, 154.67, 147.34, 146.94, 140.72, 140.48, 125.09, 124.70, 118.13, 116.95, 46.63, 40.15-38.89, 38.19 . HRMS (ESI + ): calculated for C 25 H 25 N 9 O 9 Na [M + Na] + 618.1673 found 618.1678. Synthesis of the title complex (I): Tetra-n-butylammonium dihydrogen phosphate (1.68 mmol) was added to 5 ml of a DMF solution of R (0.168 mmol) and the mixture was stirred for 2 h. After filtration the solution was left to evaporate slowly and yielded colourless prismatic crystals of the title complex within three weeks.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . H atoms bonded to O and N were located in a difference-Fourier map and refined with distance restraints: O-H = 0.93 and N-H = 0.90 Å , with U iso (H) = 1.5U eq (O) and 1.2U eq (N). The C-bound H atoms were positioned geometrically and refined using a riding model: C-H = 0.95-0.99 Å , with U iso (H) = 1.5U eq (C-methyl) and 1.2U eq (C) for other H atoms.
One of the butyl moieties (C79-C80-C81-C82) is disordered over two positions with equal occupancies. The C-C distances were refined with the restraint of 1.515 (4) Å . The displacement parameters of the C79A/C79B, C80A/C80B, C81A/C81B, and C82A/C82B atoms of the disordered fragment were restrained to be similar (Sheldrick, 2015b) . Also, one of the nitro groups (O11-N10-O10) was disordered over two positions with equal occupancies. The N-O distances were refined with the restraint of 1.230 (4) Å . The displacement parameters of the O10A/O11A and O10B/O11B atoms of the disordered fragment were restrained to be similar (Sheldrick, 2015b SHELXL (Sheldrick, 2015b) ; molecular graphics: OLEX2 (Dolomanov et al., 2009) and Mercury (Macrae et al., 2008) ; software used to prepare material for publication: SHELXL (Sheldrick, 2015b) , PLATON (Spek, 2009 ) and publCIF (Westrip, 2010) .
3-(4-Nitrophenyl)-1,1-bis{2-[3-(4-nitrophenyl)ureido]ethyl}urea tetrabutylammonium dihydrogen phosphate
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. (11 Symmetry codes: (i) −x+1, −y+2, −z+1; (ii) −x+2, −y+2, −z+1; (iii) x+1, y, z; (iv) −x+2, −y+1, −z+1; (v) x−1, y, z−1; (vi) x+1, y, z+1.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (

